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TEST CIRCUIT AND METHOD FOR TESTING AN 
INTEGRATED MEMORY CIRCUIT 

5 

Background of the Invention : 
Field of the Invention : 
The invention relates to a test circuit and a method for 
testing an integrated memory circuit. 

10 

Large scale integrated semiconductor memory chips (DRAMs) 
cannot be produced in a manner free from errors with a 
sufficient yield. Often there are only a few memory cells on 
a memory chip that are defective. These are identified during 
15 production in a functional test and replaced by so-called 
redundant memory cells. 

The testing is carried out by addresses of the defective cells 
being transmitted to an external test system, which is 

20 connected to the memory chip for the testing, and a repair 
solution being calculated on the basis of the data. The 
repair solution establishes which defective cell is to be 
repaired with which redundant cell. The addresses are 
determined on the basis of error data that result from the 

25 comparison of written and read-out test data. 
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For this purpose, test systems for large scale integrated 
semiconductor memories, such as DRAMs, are provided with 
additional hardware, such as, for example, a bit fail map 
memory, which serves for storing the error addresses, and 
special processes which carry out the redundancy calculation. 

In order to minimize the test costs per component, the memory 
modules are increasingly being tested in parallel. This trend 
is supplemented by the increasing use of test-supporting 
circuits such as a built-in self-test (BIST) or compression 
test modes. With the use of a BIST, the test control is 
affected almost completely in the memory module. 

What proves to be increasingly problematic in this context is 
that the repair solution still has to be calculated 
externally, namely in the external test system. Therefore, 
even in the case of a BIST-based test sequence, the 
redundancy-conforming error data have to be transmitted to an 
external test unit that collects the errors and calculates a 
repair solution therefrom. The transmission of the error data 
constitutes a major problem particularly given high 
parallelism and large storage densities of a memory module, 
such as, for example, 512 Mbits per module. 

Two paths are followed nowadays in order to cope with these 
large volumes of data. 
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a) The data are transmitted in a highly parallel fashion from 
each individual memory module. This requires a 
correspondingly high number of expensive tester channels at 

5 the external test system or data acquisition system. 

Furthermore, the wiring at the tester interfaces of the test 
systems may become very complex. 

b) In order to reduce the number of lines per memory module 
10 to be tested, the error addresses of the errors detected in 

the memory module can be transmitted serially to the external 
test system. This requires correspondingly more time and thus 
likewise leads to rising test costs since the total test 
duration for a memory module increases. 

15 

Whereas the number of memory modules to be tested in parallel 
is limited by the number of available tester channels in the 
case of the first alternative, in the case of the second 
alternative the throughput of the test system is limited by 
2 0 the fact that the time for testing a memory module is 
increased. 

Published, Non-Prosecuted German Patent Application DE 199 22 
786 Al, corresponding to U.S. Patent No. 6,539,505 Bl, 
25 discloses using a part of the tested memory device that is 
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currently not being tested for accumulating and buffer-storing 
test results. 

Summary of the Invention : 

It is accordingly an object of the invention to provide a test 
circuit and a method for testing an integrated memory circuit 
that overcomes the above-mentioned disadvantages of the prior 
art devices and methods of this general type, which can be 
used to accelerate the testing of integrated memory circuits. 
Furthermore, the intention is to provide a method that enables 
a memory circuit to be tested more rapidly. 

With the foregoing and other objects in view there is 
provided, in accordance with the invention, a test circuit for 
testing a memory circuit. The test circuit contains a data 
input line for providing test data to be written to the memory 
circuit and a comparator unit connected to the data input line 
and to the memory circuit. The comparator unit compares 
expected values received over the data input line with the 
test data read from the memory circuit, the test data 
previously having been written to the memory circuit over the 
data input line. A data change circuit is connected between 
the data input line and the memory circuit. The data change 
circuit is controllable in dependence on a result of a 
comparison performed in the comparator unit such that when an 
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error occurs, further test data can be written to the memory 
circuit in a manner altered by the data change circuit. 



The invention provides a test circuit for testing an 
5 integrated memory circuit. The test circuit has a data input 
line for providing the test data and a comparator unit, which 
is connected to the data input line and the memory circuit. 
Expected values received via the data line are compared with 
the aid of the test data read from the memory area, the test 

10 data previously having been written to the memory area via the 
data input line. In this case, the expected values preferably 
correspond to the test data previously written to the memory 
area, so that when an error occurs, the expected values 
deviate from the read-out test data. The data input line is 

15 connected to the memory circuit via a data change circuit. 
The data change circuit being controllable depending on the 
result of the comparison in the comparator unit such that when 
an error occurs, subsequent test data can be written to the 
memory circuit in a manner altered by the data change circuit. 

20 

In the case of such a test circuit, the volume of data 
transmitted toward the outside can be reduced by the addresses 
of the defective cells first being compressed in a redundancy- 
conforming manner internally within the memory. In this 
2 5 context, in a redundancy-conforming manner means that the 
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compression causes no loss of relevant information for the 
subsequent calculation of the repair solution. 

It is usually the case that test data are written to each 
memory area and subsequently read out again a number of times 
during the testing of a memory module. An error is detected 
if the written-in data and the read-out data deviate from one 
another. During a typical test, the writing in and reading 
out are carried out repeatedly on an address range, in which 
case specific parameters of the memory circuit (e.g. applied 
supply voltage, frequency, temperature, etc.) or the data 
patterns are altered between the individual write and read 
steps, so that soft errors are also detected. For this 
reason., the same memory area is repeatedly tested under 
different conditions, an error that is repeatedly ascertained 
there, in the case of conventional test systems, also being 
repeatedly transmitted to the external test unit in the event 
of each read access. This is the case, for example, with a 
hard error, where the tested memory cell is identified as 
defective under any condition. 

In the case of the test circuit according to the invention, by 
contrast, it is provided that, as soon as an error has 
occurred, an error is detected for the corresponding memory 
area during subsequent test runs as well. In other words, an 
error is repeatedly indicated during the subsequent testing of 
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the memory area, even if an error occurs in the memory area 
only under a specific condition and, as a result, the error 
would not be detected during the subsequent test sequences . 
As a result, unlike hitherto, it is not necessary to transmit 
5 error data to the external test unit after each write and 
read-out operation, but rather only after the end of a test 
run with a plurality of write and read-out operations. 

The error data from a series of a plurality of write/read 
10 operations can then be determined by transmitting the results 
of the last write/read operation to the external tester unit. 

In this way, the volume of data which is transmitted to the 
external tester system can be considerably reduced since the 
15 error data collected during the plurality of write/read 

operations, in the form of the results of the last comparison 
between written-in and read-out test data, have to be 
transmitted to the external test system only once per test. 

20 In accordance with a further aspect of the present invention, 
it is provided that a plurality of data input lines are 
provided which are each connected to a data change circuit, 
the data change circuits being controllable via the comparator 
unit such that when an error occurs in a memory area addressed 

25 via one of the data input lines, the data change circuit is 
controllable such that subsequent test data on the plurality 
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of data input lines of the data change circuit can be written 
to the memory circuit in an altered manner. 

When replacing defective memory areas by redundant memory 
areas, it is provided that the memory area to be tested has 
blocks with a plurality of memory cells which can in each case 
be replaced by a block of redundant memory cells of the same 
size. The defective block must be replaced as soon as at 
least one of the memory cells of the respective block is 
defective. 

For this reason, without restricting the repairability , it is 
possible, when an error occurs in a memory cell of the memory 
area, to %1 mark" the relevant block as defective by 
subsequently writing the test data for the block in an altered 
manner to all the memory cells of the relevant block. Thus, 
for all the memory cells of the relevant block, during 
subsequent test operations, an error is detected during the 
comparison between the written-in and read-out test data. The 
errors detected in the memory circuit are stored in the memory 
circuit itself in that, after a read-out operation in which 
errors can be detected, a subsequent write operation is 
carried out in which data are written to the memory circuit in 
an altered or unaltered manner. 
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It is preferably provided that the data change circuit has a 
controllable exclusive-OR gate which, depending on a control 
signal generated by the comparator device, passes the test 
data in unaltered form to the memory unit or alters the test 
data with the aid of an exclusive-OR function. An exclusive- 
OR gate is particularly suitable for the data change circuit 
since this function inverts a binary signal present at the 
input of the exclusive-OR gate and thus always alters the 
datum . 

In accordance with a further embodiment, it is provided that a 
plurality of blocks each having a plurality of data input 
lines are provided, in which case, when an error occurs in a 
memory area addressed by a data input line of one of the 
blocks, the data change circuits for all the data input lines 
of the relevant block are controllable such that subsequent 
test data on the data input lines. of the relevant block can be 
written in an altered manner to the memory circuit. 

This has the advantage that, in integrated memory circuits in 
which defective memory cells can be replaced by redundant 
memory cells only in blockwise fashion, these blocks are 
"marked" as defective in their entirety as early as when the 
first error occurs. Therefore, an error is reliably detected 
during succeeding write/read operations and subsequent 
comparisons between the expected values supplied via the data 
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input line, which correspond to the written-in test data in 
the case of error-free memory cells, and the read-out test 
data . 

5 It may furthermore be provided that the comparator unit has a 
reset input in order to drive the data change circuit with the 
aid of a reset signal via the comparator unit in such a way 
that the transmitted test data can be written to the memory 
circuit again in an unaltered manner. This is carried out 

10 after each address change if a further memory area is to be 
tested. This has the advantage that the state in which data 
can initially be written in in an unaltered manner is 
established before the beginning of renewed read-out and 
writing-in. If, during read-out, it is ascertained that data 

15 different than those previously written in are stored, then 
the comparator unit is switched again in such a way that 
subsequent data are written in an altered manner to the memory 
circuit . 

2 0 A method for testing a memory circuit is provided in 

accordance with a further aspect of the present invention. In 
this case, test data are repeatedly transmitted from a tester 
unit and written to a memory area and subsequently read out. 
An error is detected if written-in and read-out test data are 

25 different. After the detection of an error in the memory 
area, the transmitted test data are inverted as they are 

-10- 



W&B-INF-1850 

written to the memory area, so that the test data transmitted 
via the data input line and the test data read out at a later 
point in time are different. 

5 The method according to the invention has the advantage that, A 
after the detection of an error, after a write/read operation, 
the subsequently written test data can no longer correspond to 
the read-out test data, as a result of which an error is 
detected in the subsequent test step as well. In this way, a 

10 memory area in which an error has already been detected is 

"marked" in such a way that an error is also detected during 
subsequent operations of reading from and writing to this 
memory area, even if the subsequent test operation by itself 
would not result in an error. This is done by data that are 

15 altered with respect to the transmitted data being written in 
the memory circuit if an error has previously been detected. 

Consequently, it is possible to avoid the situation in which 
the addresses of the defective memory areas have to be 

20 transmitted to an external tester unit or an evaluation unit 
after each write/read operation. Instead, it is possible to 
store the error data in the memory itself and initially to 
carry out a plurality of write and read-out operations, the 
errors that occur in the process accumulating and a redundancy 

25 calculation being carried out only with the results of the 
last read-out operation. 
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It may furthermore be provided that, after the detection of an 
error in a memory area, the written-in test data are altered 
with respect to the transmitted test data for one or a 
5 plurality of further memory areas, so that the test data 
transmitted for the memory area and for the one or the 
plurality of further memory areas and the test data read 
therefrom are different. In this way, when an error occurs in 
a memory cell or in a part of a memory area, the entire memory 
10 area can be "marked" , so that, during subsequent write 

operations, data that are altered with respect to the test 
data are written to the memory area and an error is detected 
after the read-out operation for the entire memory area. 

15 It may furthermore be provided that, at the end of a test 
sequence containing a plurality of write/read operations, 
error data are output to an evaluation unit, the error data 
specifying the differences between test data written in during 
the last write operation and test data read out during the 

20 last read operation. In this way, it is possible to transmit 
the collected error data of the write and read-out operations 
carried out in the test sequence to the evaluation unit in a 
single read-out operation. In comparison with the previous 
procedure of transmitting the error data to the evaluation 

25 unit after each write and read-out operation, the method thus 
constitutes a considerable acceleration of the evaluation 
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operation by the evaluation unit because the volume of data to 
be transmitted to the evaluation unit is greatly reduced. 



Other features which are considered as characteristic for the 
5 invention are set forth in the appended claims. 

Although the invention is illustrated and described herein as 
embodied in a test circuit and a method for testing an 
integrated memory circuit, it is nevertheless not intended to 
10 be limited to the details shown, since various modifications 
and structural changes may be made therein without departing 
from the spirit of the invention and within the scope and 
range of equivalents of the claims. 

15 The construction and method of operation of the invention, 
however, together with additional objects and advantages 
thereof will be best understood from the following description 
of specific embodiments when read in connection with the \ 
accompanying drawings . 

20 

Brief Description of the Drawings : 

Fig. 1 is a circuit diagram of a memory area in an integrated 
memory circuit that can be replaced by a redundant memory 
area; 

25 
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Fig. 2 is a block diagram of a test circuit in accordance with 
a preferred embodiment of the present invention; 

Fig. 3 is a block diagram of the test circuit with a possible 
5 configuration of the comparator unit; and 

Fig. 4 is a circuit diagram for a comparator unit in 
accordance with the present invention. 

10 Description of the Preferred Embodiments : 

Referring now to the figures of the drawing in detail and 
first, particularly, to Fig. 1 thereof, there is shown a small 
excerpt from a memory matrix of an integrated memory circuit. 
The memory circuit is a 1-transistor DRAM memory circuit. A 

15 memory cell 3, containing a transistor T and a capacitor C, is 
respectively situated at crossover points between word lines 5 
and bit lines 6 . 

The word lines 5 are in each case connected to a gate terminal 
20 of the transistor T, while a drain terminal of the transistor 
T is connected to the respective bit line 6. A source 
terminal of the transistor T is connected to a first terminal 
of the capacitor C. A second terminal of the capacitor C is 
connected to a fixed potential, preferably a ground potential. 

25 
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The bit lines 6 are in each case connected to a sense 
amplifier 2, which, during a write operation, applies the 
charge to be written onto the respective bit line 6 and, 
during a read operation, amplifies the charge which flows via 
5 the activated transistor T through the capacitor C onto the 
bit line 6. 

The sense amplifiers 2 can be connected to a local databus 4 
via a common selection line 1. 

10 

If one of the memory cells 3 is defective, either the entire 
configuration containing four bit lines 6, selection lines and 
sense amplifiers 2 or the four memory cells on one of the word 
lines are replaced by a redundant configuration of the same 

15 size. All that is essential, then, for the repair of the 

memory circuit is to ascertain the combination of a selection 
line and/or word line for which an error occurred. The error 
information of the individual data lines can thus be 
internally compressed in a redundancy-conforming manner with 

20 the aid of an OR combination. Consequently, in the case of a 
module of 16-fold organization, only four bits per address 
have to be transmitted to the external tester. 

A customary memory module has a maximum of 16 data inputs and 
25 outputs. However, by virtue of the SDRAM architecture with 
four independently operating banks within the memory circuit 
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and data generation within the memory circuit, internally 64 
data bits can be processed (read or written) in parallel. 
What is more, faster DRAM architectures such as DDR1 and DDR2 
have a data prefetch of 2 and 4 bits, respectively. 
5 Therefore, internally the module operates with double and, 
respectively, quadruple the databus width. In the case of a 
DDR2 module of 16-fold organization, 64 bits per bank are 
written or read in parallel per internal cycle. 

10 During the memory test, it cannot be assumed that all of the 
cells to be tested are functional. In the case of the 
possible errors, however, it is necessary to distinguish 
between so-called hard errors and soft errors. Whereas the 
former can be found by any arbitrary write-read test, 

15 detection of soft errors often necessitates highly specific 

critical conditions (voltages, frequency, topology, i.e. data 
patterns in the memory array, etc.) in order that the cell 
exhibits a defective behavior. 

20 In order to trace soft errors, it is typically the case during 
the memory test that each address in the memory is accessed a 
number of times by read and write accesses. Between the 
various read and write accesses, the critical conditions are 
applied and changed in order to find out how sensitively the 

25 content of a memory cell reacts to changes in the external 
influences. 
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Fig. 2 illustrates an embodiment of the test circuit according 
to the invention for testing an integrated memory circuit. 
Test data for testing a memory circuit 13 are made available 
5 by a test data generator 11. The integrated memory circuit 13 
is preferably a DRAM memory circuit, it is possible also to 
apply the test method to other memory circuits, such as e.g. 
SRAM, MRAM, etc. 

10 The test data generator 11 may be realized within the 

integrated circuit e.g. in the form of a built-in self -test 
(BIST) or may be situated outside the integrated circuit, for 
example in an external tester system. The control of the test 
data generator 11 can be carried out by suitable control 

15 signals. 

The test data are applied to a test databus 10, which may have 
a different bit width depending on the configuration of the 
integrated circuit. In the present case, the databus 10 is 
20 represented with a width of 4 bits. The databus 10 is 

connected to a distributor device 16, in which the four lines 
of the databus 10 are divided into four memory databuses 14 
each having four bit lines. 

25 Each of the memory databuses 14 has a controllable data change 
circuit 15. The data change circuits 15 of the memory 
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databuses 14 are in each case connected to a comparator unit 
12 via a control line 17. The data change circuits 15 are 
preferably configured as exclusive-OR gates which, under the 
control of the control lines 17, either pass the datum on the 
5 respective bit line to the memory circuit 13 in an unaltered 
manner, or invert the datum on the respective bit line of the 
relevant memory databus 14. Each of the data change circuits 
15 is configured such that the incoming data on the bit lines 
are either passed through in an unaltered manner or inverted. 

10 

Each of the data change circuits 15 furthermore has a control 
input S, to which a write enable signal can be applied, by 
which the exclusive-OR gates can be switched on or off. 

15 The comparator unit 12 is connected both to the test databus 
10 and to the memory circuit 13 via the memory databuses 14. 
After test data have been written to the memory circuit 13, 
the test data written to the memory circuit 13 are read out - 
possibly after a critical condition has been changed. During 

20 the read-out operation, with the aid of the control signal S, 
the exclusive-OR gates 15 are switched off and the test data 
generator 11 generates expected data which are transmitted via 
the databus 10 to the comparator unit 12 in order to compare 
the expected data with the data read from the memory circuit 

25 13, which data are transmitted to the comparator unit via the 
memory databus 14 . The expected data correspond to the data 
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that have been written to the memory circuit 13 in the course 
of the test operation. If a difference is ascertained between 
the expected data transmitted by the test data generator 11 
and the test data read from the memory circuit 13, an error 
signal is generated. The error signal can be transmitted via 
an error data line 18 to an evaluation unit 19, which is 
situated either in the integrated circuit or in the external 
test system. 

The comparator unit 12 is configured in such a way that, under 
the control of a test program or hardware, it first carries 
out a number of write/read operations before it transmits 
error data via the error data line 18 to the evaluation unit 
19. 

During the testing of the memory circuit 13, then, test data 
are made available by the test data generator 11 and are first 
written to all the memory areas of the memory circuit 13 via 
the distributor device 16, usually a multiplexer, via the 
memory databuses 14. In this case, each of the memory 
dat abuses 14 accesses a cell group with 4 bits in each case, 
as is illustrated in Fig. 1. Thus, 16 bits are transmitted 
into the memory array per write access. 



By setting a specific condition, the memory circuit 13 can 
then be brought to a critical state in which specific types of 
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errors can occur. The test data stored in the relevant memory 
area of the integrated memory circuit 13 are then read out via 
the memory databuses 14 to the comparator unit 12. 
Essentially at the same time, the test data generator 11 

r 

5 supplies the expected data to the comparator unit 12 via the 
databus 10. The comparator unit 12 compares the expected 
data, which usually correspond to the test data previously 
written to the relevant memory area, with the test data read 
from the respective memory area. If no difference is 
10 ascertained in the comparison, the test sequence is continued 
by further test data being generated by the test data 
generator 11 and being written to the memory circuit 13 and 
subsequently being read out again, a comparison taking place 
during each read-out operation, 

15 

If an error is ascertained in one or a plurality of cells of 
the memory area to be tested in the integrated memory circuit 
13, then a change control signal is generated for the memory 
databus 14 relevant to the defective memory cell and the 

20 control signal is transmitted via the corresponding control 
signal line 17 to the data change circuit 15 of the 
corresponding memory databus 14 via which the defective memory 
cell was written to. The control signal for controlling the 
data change circuit 15 is configured such that the data change 

25 circuit 15 maintains the newly assumed state, e.g. by a latch 
or the like, until a reset signal is transmitted via a further 
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input 20 of the comparator unit 12. By virtue of the reset 
signal, the data change. circuits 15 are reset into their 
original state, so that, during subsequent operations of 
writing to the memory circuit 13, the data change circuits do 
not perform inversion of the test data transmitted by the test 
data generator 11. 

After one or a plurality of the data change circuits 15 have 
been switched on on account of the detection of an error in 
the memory area of the integrated memory circuit 13, new test 
data are written to the defective memory area. However, on 
account of the inversion by the data change circuit 15, the 
test data that are written to these memory areas are different 
from the data generated by the data generator 11. Renewed 
writing of test data to the memory area to be tested has the 
effect that all the test data which are transmitted via one of 
the memory databuses 14 and which pass through one of the data 
change circuits 15 which was previously changed over on 
account of the detection of an error are written in an altered 
manner to the memory area. During the subsequent read-out, 
the test data originally transmitted by the test data 
generator 11 are then compared with the altered test data in 
the comparator unit 12 and an error is thus ascertained again. 

What is achieved in this way is that an error, once it has 
occurred, in a part of a memory area is permanently "marked" , 
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so that, after a number of write and read operations, error 
data can be transmitted via the error data line 18 to the 
evaluation unit 19, which is the totality of the errors that 
have accumulated in the preceding test sequences from a 
5 plurality of write/read operations. The error data may be, 
for example, results of the comparison of the content of each 
memory cell with the test data written thereto. 

In the exemplary embodiment illustrated above, the data change 
10 circuit 15 is embodied in such a way that when an error occurs 
in a memory cell which is addressed via a bit line of the 
memory databus 14 connected to the data change circuit 15, all 
the test data for the relevant block of the memory area to be 
tested are altered in the subsequent write operations. The 
15 data change circuit 15 thus transmits an error that occurs in 
a memory cell of a part of the memory area to be tested to a 
plurality of memory cells, to four memory cells in the above- 
mentioned example. In subsequent read-out and write 
operations, all the memory cells associated with the defective 
20 part are thus again identified as defective and thus "marked". 
This is expedient because, during the redundancy calculation, 
usually not just one of the memory cells is replaced, rather 
blocks of a plurality of memory cells are in each case 
replaced. Thus, e.g. for the small memory area illustrated by 
25 way of example in Fig. 1, it is possible not to replace an 

individual memory cell by a redundant memory cell but rather 
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to replace in each case the four memory cells connected to one 
of the word lines or all sixteen memory cells on a selection 
line . 

5 An essential element of the invention is that the error data 
are not transmitted to the evaluation unit 19 immediately, 
rather first a number of a plurality of write and read 
operations for testing the respective memory area are carried 
out and only at the end thereof does a single operation of 
10 reading out the error data to the evaluation unit 19 take 

place. The error data then contain a redundancy- conforming 
compression of the error data. As a result, the volume of 
data transmitted to the evaluation unit 19 can be considerably 
reduced. 

15 

By virtue of the fact that the data change circuit 15 
distributes the error information between a plurality of 
cells, the probability of an error not being detected is very 
low. This might be the case when the test data originally 

20 transmitted by the test data generator 11 are read despite 

modification of the data by the data change circuit 15 in the 
- relevant memory cells. The probability of overlooking an 
error is greatly minimized by carrying out a plurality of test 
runs with different test patterns that end with a read-out of 

25 all the error data into the tester device. 
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Fig. 3 illustrates a possible configuration of the comparator 
unit 12. For each of the data change circuits 15, the 
comparator unit 12 provides a comparison element 3 0 by which a 
respective change control signal is made available via the 
5 control lines 17 for the respective data change circuit 15. 

The section of the memory data bus 14 that is connected to the 
data change circuit 15 that is driven via the respective 
comparison element 30 is connected to the associated 
comparison element 30. Each of the comparison elements 30 is 
10 connected to the data bus 10. Furthermore, each of the 

comparison elements 30 has a reset input to which a reset 
signal 20 can be applied. 

The comparison elements 3 0 compare the expected data supplied 
15 by the test data generator 11 with the test data read from the 
memory area 13 and output the comparison result to the 
evaluation circuit 19. During read-out, it may be provided 
that the data change circuit 15 is deactivated, so that the 
read-out data are not influenced. 

20 

Fig. 4 illustrates the comparison element 30, which 
essentially has an exclusive-OR gate 31 for each bit to be 
tested of the 4 bits per data change circuit 15. The 
exclusive-OR gate 31 carries out the actual comparison, the 
25 comparison result being compressed in a redundancy- conforming 
manner with a subsequent OR combination. To that end, the 
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exclusive-OR gates 31 have inputs that are connected to the 
respective line of the data bus 10 and to the respective line 
of the memory data bus 14. Each of the exclusive-OR gates 31 
is assigned an n- channel transistor, an output of the 
exclusive-OR gates 31 respectively being connected to the 
control input of a respective n-channel transistor T N . First 
terminals of the n-channel transistors T N are connected to one 
another and to a fixed potential, preferably a ground 
potential GND. Further terminals of the n-channel transistors 
T N are connected via an inverter 32 to the data change circuits 
15 via the change control line 17. The change control line 17 
is simultaneously connected to the evaluation circuit 19 (via 
the error data line 18) . 

A p-channel transistor Tp is provided, at whose control input 
the inverted reset signal is present via the reset line 20 and 
an inverter 33. A fixed potential, preferably a supply 
voltage potential V inc , is present at a first terminal of the 
p-channel transistor Tp. A second terminal of the p-channel 
transistor Tp is connected to the second terminals of the n- 
channel transistors T N . A first terminal of a storage 
capacitor Cs is connected to the first terminals of the n- 
channel transistors. The second terminal of the storage 
capacitor Cs is connected to the second terminals of the n- 
channel transistors T N , i.e. the ground potential GND. 
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The OR combination of the comparison results of the exclusive 
OR gates 31 is realized via the node (node 23) formed by the 
second terminals of the n-channel transistors. During each 
address change, the reset signal 20 is activated and the p- 

5 channel transistor is thus activated, as a result of which the 
storage capacitor C s is charged to V int . If one of the 
exclusive-OR gates 31 indicates an error during the read 
operation, then the node 23 is poled to ground via one of the 
n-channel transistors T N and the output signal on the change 

10 control line 17 assumes a logic "1" state. An error is 

indicated by the exclusive OR gates 31 by the output of the 
exclusive-OR gate assuming a high state. 

In this embodiment, the capacitance of the node 23 must be 
15 chosen such that the precharged voltage V int is not discharged 
prematurely, i.e. before the conclusion of writing-back, by 
leakage currents. The capacitor C s must therefore hold the 
required charge until, after the read-out operation, the test 
pattern generator 11 has again written test data to the 
20 relevant memory area. As an alternative, it is also possible 
to use a full OR gate or to provide a minimally dimensioned 
inverter 34 as holding element for the inverter 32. 

Thus, if one or more bits of a group of 4 bits are defective, 
25 then the change control signal is set on the control signal 
line 17. This leads to an inversion of the data via the 
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exclusive-OR combination of the data change circuits 15 during 
the subsequent write operation. The accumulated error signal 
is additionally also output directly to the evaluation circuit 
19 in order that the error information can also be assessed 
5 externally at least during the last reading. The error 

information then contains 4 bits for a memory area having a 
size of 16 bits. 

In the method presented here, it is essential that an 
10 assessing reading of a cell is directly followed by a renewed 
write access in which, with the aid of the circuit proposed 
here, the data dependent on the read comparison are written 
back. The writing-back has to be effected directly afterward 
since the comparison circuit 12 is reset during an address 
15 change and the error information is not permanently stored. 
Precisely in march patterns, which are often used in the 
memory test, such a sequence is frequently encountered as so- 
called "read-modify-write" . 

20 The advantages of the approach are a separation of the read 
accesses that detect the error and the read-out. It is thus 
possible for both to be optimized independently. In 
particular the read-out with the transmission of the error 
addresses to the external test system can be chosen in such a 

25 way as to achieve the maximum transmission rate to the tester. 
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In typical DRAMs , this is a burst read access (Fast-Y) , for 
example . 
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